Abstract -Increased use of biomass offers one of the ways to reduce anthropogenic impact on the environment. Using various biomass conversion processes, it is possible to obtain different types of fuels:
I. INTRODUCTION
Methanation is one of the process stages that transforms solid fuel into a gaseous form, and, as a result, biomethane is produced. The field of biomethane use might be both the transport and energy sectors, since biomethane is easy to transport and store via the existing natural gas distribution networks and storage ranges [7, 8] . Lignin substances (wood and its residues) can be used as raw materials for biomethane production and the total production efficiency is above 65%. Future projections indicate that biomethane production plants could be in the medium power range between 20 to 100 MW and become industrially available around 2020 [11, 12] .
The collective target that is set between the member states of the European Union for renewable energy usage is defined in Directive 2009/28/EC [3] . The main aim of Directive 2003/30/EC is to stimulate use of biofuel in the transport sector. It defines that the total consumption of biofuel in the transport sector in the EU member states has to reach 2% in 2005 and 5.75% in 2010 [1] . The Latvian goal is for biofuel to reach a level of 37 % of the primary renewable energy use in the national energy balance by the year 2016 [2] . The same guidelines, however, had established that in 2010 the amount of the produced electricity from renewable sources (RES) had to reach 49.3% of the total consumed electricity, but in reality only 48.5% of the RES were produced [4] .
The methane extraction from biomass can occur in two ways and, depending on the chosen extraction method, the operation conditions and the final products can vary [7] : a) thermo-chemical conversion of biomass, leading to a biomethane; b)
bio-chemical conversion of biomass, leading to a bio-gas.
The main differences between these two methods are that, during the thermo-chemical conversion, biomass gasification is followed by the methanation process, but bio-gas production occurs during the anaerobic digestion of biomass. In addition, thermo-chemical transformation is characterized by a higher efficiency compared to bio-chemical conversion. This higher efficiency leads to a faster transformation response, which is a few seconds or minutes for the thermochemical conversion and several days, weeks or even more for the anaerobic digestion of biomass [11] .
Below are the main methanation reactions [5, 6] : Reactions (1.1) -(1.3) are exothermic, while the reaction (1.4) requires additional heat input (endothermic character). Since the methanation reactions are revertible, the concentration of methane is constantly increasing, but, bearing in mind the fact that the temperature and pressure are constant, the reaction takes place straight in the direction of the final products [10] .
Gaseous product purification and its condensation takes place after the biomass gasification process (Fig. 1) . During this process, sulfur, chlorine, solids, ash and carbon dioxide are removed from the total gas flow. Sulfur removal from the flow is based on the fact that the type of catalyst, which is used during the methanation process, is very sensitive to sulfur and its compounds. After the methanation phase, biomethane purification from water vapor, hydrogen and other impurities is obtained, so that the produced fuel will meet the quality requirements, which are imposed on gaseous fuels [13] . There are a variety of technologies to use during the stage of gas purification and condensation, such as cyclones and filters, through which solid particles from the gas flow are isolated. Than the tar condensation appears, as well as further intermediate product temperature decrease occurs. After the methanation process, not only undesirable compounds of biomethane are extracted, but also the drying and temperature decrease is achieved [14] . Fig. 1 . Principal l transformation scheme of solid biomass into biomethane [13] . Table I summarizes the main differences between the two existing methanation processes -adiabatic and isothermal. As it is shown in Table I , the main differences between the two methanation processes are associated with the reactor type, which is exactly what defines the working conditions of the process (temperature, pressure). The equipment construction and its service also depend on the methanation reactor. The benefits of adiabatic methanation (Table I) are relatively simple equipment construction and maintenance, which is very important, if small (compact) devices are being designed. The purpose of the modeling of the methanation process is to determine how the process and its efficiency (the yield of methane) are affected by changes of the incoming gas composition, specifically, by changes in the amounts of carbon dioxide and nitrogen.
II. USED METHODS
Primary modeling allows to estimate and analyze a variety of different process possibilities, and to determine optimal working conditions which are theoretically possible. Thus, the additional costs that might appear in continuous and repeated experiments are avoided. There are several computer programs which can be used in the simulation of various processes; however, the methanation process is more likely to be simulated with Aspen Plus® or CHEMCAD®. Both programs are intended for the modeling of chemical processes and their detailed analysis, as well as the determination of the mass and energy balance, and calculate the energy balance [15] .
The following manipulations can be performed with Aspen Plus®:
 simulation of distillation processes,  modeling a variety of chemical processes by using different types of reactors based on chemical equilibrium conditions,  carrying out sensitivity analysis for selected parameters,  combining different equipments to conduct in-depth research of an interested process, etc.
[16]. After preparation of the report which is based on the input data, the summarizing table allows to access material and energy flows in each step of the process. Different processes, such as a combined biomass gasification process, were modeled with Aspen Plus®. This process was analysed and optimized, in order to increase the overall energy efficiency. Furthermore, various processes of CO 2 absorption were modeled using few substances and their mutual comparison was made, etc. [18, 19, 20] .
Within this work, three methanation process models were created using the Aspen Plus® program:
1. adiabatic methanation (Fig. 2) ; 2. adiabatic methanation scheme of the CO 2 extraction (Fig. 3) ; 3. isothermal methanation (Fig. 4) . The range of values of the parameters which affect the process and are used in the modeling of all three processes are:
1. CO 2 variation range 1.5 -30%, 2. N 2 variation range 2.2 -50 %. Nitrogen was chosen in the analysis because air is commonly used in the gasification process. While the carbon dioxide is directly involved in methanation reactions, there is still no unified opinion on how its concentration change affects the methane yield. At the same time, high nitrogen and carbon dioxide concentrations may dilute the synthesized gas that flows to the methanation reactor, influencing the outcome of the methane. In addition to the dilution of synthesized gas, the competition between CO 2 and CO for hydrogen occurs, which affects energy consumption in the methanation reactor [24] . Table II shows the composition of the synthesized gas before the methanation reactor that was used in all simulation models. The principal methanation process scheme created with the Aspen Plus program can be seen in Figures 2-4 . Gibb's reactors were used as methanation reactors in all models. It is assumed that there is no pressure loss in the system. The final stage in all models after the methanation process is water removal from the composition of biomethane that is ensured by a flow separator, where the water condensation takes place. The water during methanation is formed within chemical reactions, so, in order to fully represent all processes that occur in simulation, the steam is supplied to the synthesized gas flow upstream of the methanation reactor (see Fig. 2-4) .
The most important input parameters that were defined for adiabatic methanation are summarized in Table III . The total synthesized gas flow, steam flow and synthesized gas temperature were assumed. 
Flow separator 25
Total flow, kmol/s
Synthesized gas 10
Steam 1
Figures 2 and 3 are related to the adiabatic methanation process, and the number of used reactors in this process is higher than in the isothermal process (see Figure 4) . Fig. 2 . Adiabatic methanation process scheme ("HE" -heat exchanger, "MR" -methanation reactor). Fig. 3 . Adiabatic methanation scheme of the CO2 extraction from the total gas flow.
As it is shown in Figures 2 and 3 , the partial gas recirculation, which is necessary due to the temperature regime, takes place downstream of the first methanation reactor. The temperature decrease in the first reactor appears due to the fact that the incoming gas is expanding, which stimulates gas dilution, so that output flow from the MR1 does not require so much gas cooling. In adiabatic methanation, a heat exchanger is used upstream of each reactor (see Fig. 2, 3) , since it is necessary that the temperature of input flows in the reactors should be around 250-300 °C, but methanation reactions are exothermic. Figure 3 shows the adiabatic methanation scheme of CO 2 extraction and, in comparison to Figure 2 , all other parameters used have remained unchanged. When comparing isothermal (see Fig. 4 ) and adiabatic methanation (Fig. 2) , isothermal methanation requires less heat exchangers, that is obviously explained with the number of methanation reactors (adiabatic process -three, isothermalone), additionally keeping in mind that the isothermal methanation occurs at a constant temperature.
III. RESULTS AND DISCUSSION
The gas compositions after methanation are represented in the Table IV. Comparing the biomethane composition with synthesized gas composition after the methanation process (see Table IV ), the amount of carbon dioxide significantly increased (approximately doubled), while at the same time, almost all hydrogen participated in methanation reactions. As a result, the water has appeared and the methane concentration has increased, and during the methanation reactions the largest part of carbon monoxide has reacted. However, significant differences in the composition of the biomethane produced by these two types of methanation are not observed (Table IV) . The main components that take up about 90% of the produced biomethane remain unchanged and these are CO 2 and CH 4 . These results mean that there is a need for more in-depth research on how changes in synthesized gas composition influence the methanation process, depending on the operating conditions. 
A. Adiabatic methanation
CO 2 extraction (see Fig. 4 for the principal scheme of the process) from the total synthesized gas flow has a positive impact on the outcome of methane. The higher the level of separation, the higher the flow of methane is (see Fig. 5 ). Since the modeling of carbon dioxide gas took place under a constant temperature and pressure, it is possible to affirm that CO 2 concentration has a significant impact on the methanation process, and there is a direct dependence between the separation level and the methane flow after the first methanation reactor. The most rapid increase of methane outcome has been noticed at the outlet from the first and second methanation reactor. Changes of methane flow downstream of the third reactor remain minimal, and the same situation is observed for the methanation temperature changes (see Fig. 6 ). Furthermore, at the high nitrogen concentration level (around 35%), the value of gas temperature can be scaled down up to 100 K, compared with the case where the synthetic gas is completely released from the N 2 . This temperature reduction means that the synthesized gas diluted with nitrogen can reduce heat flow in the adiabatic methanation process, thus, it is possible to declare that the increase of nitrogen concentration through the decrease of the methanation temperature indirectly impacts methane output and total methanation process efficiency. Synthesized gas is diluted with nitrogen because it is an inert gas, which means that nitrogen does not participate in the methanation reactions due to relatively low temperatures of the reaction processes (around 300 ° C).
B. Isothermal methanation
In the case of isothermal methanation, an increase of CO 2 concentration only affects the flow of carbon monoxide, and other parameters, such as yield of methane and hydrogen, remain the same. When comparing the impact of carbon in adiabatic and isothermal methanation cases, it is noticeable that during the adiabatic process, the reduction of CO 2 concentration leads to growth of methane output in the biomethane composition. It can be concluded that at the constant temperature changes of CO 2 concentration do not affect efficiency of the methanation process efficiency. A similar situation is observed for changes of concentration of nitrogen during isothermal methanation. As it is shown in Figure 8 , the increase of nitrogen in the synthesized gas composition leads to small changes in concentration of CO, H 2 , CH 4 and CO 2 . It is also possible to notice the rapid growth of hydrogen, however the outcome of methane tends to decrease.
IV. CONCLUSIONS
The results of this work indicate that the composition of the synthesized gas has a greater impact on the outcome of methane in adiabatic methanation then in the isothermal process. This impact is indicated by the amount of produced methane and changes of the flow of others components. The most important observation is that synthesized gas diluted with nitrogen does reduce the operating temperatures of methanation in the adiabatic methanation, which stimulates the flow of methane. At the same time, reduction of carbon dioxide concentration just before the start of methanation process also increases the production of methane. The overall conclusion about the effects of nitrogen and carbon dioxide on the methanation process is that the maximum dilution of synthesized gas with nitrogen and the maximum carbon dioxide gas extraction from the synthesized gas maximizes the outcome of methane. 
